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(54) Method and apparatus for centering belt-shaped material 



(57) The present invention is a method and appara- 
tus for centering a belt-shaped material. A conveying 
direction leading end portion and a conveying direction 
trailing end portion of triangular portions of the belt- 
shaped material are displaced in advance in directions 
opposite directions in which the conveying direction 
leading end portion and the conveying direction trailing 
end portion of the belt-shaped material are displaced 
when applied onto a forming drum. Centering of a con- 
stant-width portion of the belt-shaped material is carried 

FIG. I 
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out as follows. A width of the constant-width portion of 
the belt-shaped material is measured while the belt- 
shaped material is conveyed. In accordance with the 
measured width, a distance between a pair of guide por- 
tions which are disposed so as to be movable in a width- 
wise direction of the belt-shaped material is adjusted. 
The belt-shaped material is passed through a space 
between the adjusted guide portions. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

The present invention relates to a method and 
apparatus for centering a belt-shaped material such as 
belt material for tires. 

Description of the Related Art: 

In a process of manufacturing tires, a centering 
apparatus is used to center a belt material before the 
belt material is wound around a forming drum. 

In such a centering apparatus, when a belt material, 
which has a constant width and is wound around a sup- 
ply reel in a belt feed section, is fed out, the belt material 
is further conveyed by a cutting conveyer disposed at 
the downstream side of the supply reel, i.e., the side in 
the direction of feeding out the belt material. The con- 
veying direction leading end of the belt material on the 
cutting conveyor is first cut obliquely by a cutter, and 
then the belt material is again cut obliquely by the cutter 
after being conveyed a predetermined distance. Thus, a 
piece of the belt material having a predetermined length 
is obtained. 

The belt material cut to the predetermined length is 
fed out of the cutting conveyer, and is conveyed to an 
applying conveyer disposed at the conveying direction 
downstream side of the cutting conveyer. A forming 
drum which is rotatably supported is disposed at the 
downstream side of the applying conveyor. The belt 
material conveyed by the applying conveyer is wound 
onto the outer circumferential surface of the forming 
drum, which is rotating. 

On the forming drum, the leading end and trailing 
end of the belt material must be joined together such 
that the cut surfaces of both ends coincide. Further, the 
widthwise center line of the constant-width portion of 
the belt member must coincide with the circumferential 
direction of the forming drum (i.e., the belt material must 
not meander). 

In order to satisfy the above requirements, belt 
materials have conventionally been centered in accord- 
ance with, for example, (1) a method in which the belt 
material is centered through use of guides having a pre- 
determined guide width without measurement of the 
overall width of the belt material, or (2) a method in 
which a cutting conveyer is moved in the widthwise 
direction of the belt material by a motor-driven mecha- 
nism in order to control the position at which the belt 
material is conveyed from the cutting conveyer to the 
applying conveyer such that the leading end, the trailing 
end, and the constant-width portion of the belt material 
are conveyed to respective predetermined positions 
(Japanese Patent Application Laid-Open No. 7- 
195570). 



However, method (1), in which the overall width of 
the belt material is not measured, has the following 
drawbacks: 

5 (a) When the width of the belt materia! is larger than 

the distance between the guides, widthwise end 
portions of the belt material ride onto the guides, 
resulting in improper centering of the belt material; 

(b) When the width of the belt material is smaller 
w than the distance between the guides, the belt 

material abuts none of the guides, resulting in 
improper centering of the belt material, and play is 
present between the guides and the belt member 
such that the belt material shifts to the right or left 
is side in the widthwise direction; and 

(c) If the leading end and the trailing end of the belt 
material come out of position relative to each other 
at the joint portion such that a stepped portion is 
formed, such a problem cannot be handled. 

20 

Method (2) has the following drawbacks: 

(d) Since the entire cutting conveyer is moved, the 
belt material is skewed when it is conveyed from the 

25 belt feed section to the cutting conveyer; and 

(e) Since the entire cutting conveyer, including the 
cutter apparatus, must be moved at high speed, a 
large amount of energy is required. 

30 Moreover, due to cords disposed in the belt material 
such that they are inclined with respect to the longitudi- 
nal direction of the belt material, when the obliquely cut 
leading and trailing ends of the belt material ride onto 
the forming drum, the leading end and the trailing end 

35 may shift in the widthwise direction. No measures have 
been employed to cope with such a problem. 

SUMMARY OF THE INVENTION 

40 An object of the present invention is to provide a 
method and apparatus for centering a belt-shaped 
material that can solve the above-described drawbacks. 

According to a first aspect of the invention, there is 
provided a method of centering a belt-shaped material 

45 in which a belt-shaped material, whose longitudinal 
ends are formed into triangular portions and which has 
a parallelogram shape as a whole, is conveyed in a lon- 
gitudinal direction toward a forming drum while being 
centered, said method comprising the steps of: displac- 

so ing a conveying direction leading end portion and a con- 
veying direction trailing end portion of the triangular 
portions of the belt-shaped material in advance in direc- 
tions opposite directions in which the conveying direc- 
tion leading end portion and the conveying direction 

55 trailing end portion of the belt-shaped material are dis- 
placed when applied onto the forming drum; measuring 
a width of a constant-width portion of the belt-shaped 
material while the belt-shaped material is conveyed; 
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adjusting, in accordance with the measured width, a dis- 
tance between a pair of guide members which are dis- 
posed to be movable in a widthwise direction of the belt- 
shaped material; and centering the constant-width por- 
tion of the belt-shaped material by causing the belt- 
shaped material to pass through a space between the 
adjusted guide members. 

According to the first aspect of the present inven- 
tion, when the conveying direction leading end portion 
of the belt-shaped material, which has been displaced 
in advanced, is applied onto the forming drum, the lead- 
ing end portion is displaced in a direction opposite the 
direction in which the leading end portion was displaced 
in advance. Therefore, the leading end portion of the 
belt-shaped material can be applied onto the forming 
drum in a proper shape. 

When the constant-width portion of the belt-shaped 
material is wound around the forming drum, the belt- 
shaped material is conveyed toward the forming drum 
while the constant-width portion is centered by the width 
of the constant-width portion being measured, the dis- 
tance between the pair of guide members which are dis- 
posed to be movable in the widthwise direction of the 
belt-shaped material being adjusted in accordance with 
the measured width, and the belt-shaped material being 
caused to pass through the space between the adjusted 
guide members. Therefore, the constant-width portion 
of the belt-shaped material can be wound around the 
forming drum such that the widthwise direction center 
line of the belt-shaped material is parallel to the circum- 
ferential direction of the forming drum. 

Moreover, when the conveying direction trailing end 
portion of the belt-shaped material, which has been dis- 
placed in advanced, is applied onto the forming drum, 
the trailing end portion is displaced in a direction oppo- 
site the direction in which the trailing end portion was 
displaced in advance. Therefore, the trailing end portion 
of the belt-shaped material can be applied onto the 
forming drum in a proper shape. Thus, the leading end 
portion and the trailing end portion of the belt-shaped 
material can be joined together with no shifting (devia- 
tion of position) in the widthwise direction. 

Accordingly, the method of centering a belt-shaped 
material according to the first aspect of the present 
invention enables the belt-shaped material to be reliably 
centered. 

A second aspect of the present invention is a 
method of centering a belt-shaped material in which, in 
the method of the first aspect, the step of displacing the 
conveying direction leading end portion and the convey- 
ing direction trailing end portion of the belt-shaped 
material comprises the steps of: storing an angle of the 
conveying direction leading end portion of the belt- 
shaped material with respect to a conveying direction of 
the belt-shaped material, and an angle of the conveying 
direction trailing end portion of the belt-shaped material 
with respect to the conveying direction of said belt- 
shaped material, and amounts by which the conveying 



direction leading end portion and the conveying direc- 
tion trailing end portion are respectively displaced in 
advance; successively measuring the widths of each tri- 
angular portion at different positions along the convey- 

5 ing direction; determining, on the basis of the measured 
widths and the stored angles, a distance between the 
conveying direction leading end portion of the belt- 
shaped material and the pair of guide members and a 
distance between the conveying direction trailing end 

10 portion of said belt-shaped material and the pair of 
guide members; and smoothly displacing each triangu- 
lar portion in the widthwise direction, by a correspond- 
ing one of the guide members, on the basis of the stored 
displacement amount and in consideration of the dis- 

15 tance determined for the triangular portion. 

In accordance with the second aspect, there are 
first stored the angle of the leading end portion of the 
belt-shaped material with respect to the conveying 
direction of the belt-shaped material, the angle of the 

20 trailing end portion of the belt-shaped material with 
respect to the conveying direction of the belt-shaped 
material, and the respective amounts by which the lead- 
ing end portion and the trailing end portion are dis- 
placed in advance. 

25 Subsequently, the widths of the triangular portions 
along the conveying direction are successively meas- 
ured. Based on the measured widths and the stored 
angles, the distance between the leading end portion of 
the belt-shaped material and the pair of guide portions 

30 and the distance between the trailing end portion of the 
belt-shaped material and the pair of guide portions are 
determined. The triangular portion is then displaced 
smoothly in the widthwise direction, by one of the guide 
members, on the basis of the stored displacement 

35 amount and in consideration of the distance determined 
for the triangular portion. Through this operation, the tri- 
angular portion is smoothly bent in the widthwise direc- 
tion. 

A third aspect of the present invention is a method 

40 of centering a belt-shaped material in which, in the 
method of the first aspect, the step of displacing the 
leading end portion and trailing end portion of the belt- 
shaped material comprises the steps of: storing dis- 
placement amounts by which the conveying direction 

45 leading end portion and the conveying direction trailing 
end portion are respectively displaced in advance; 
determining, on the basis of a predetermined conveying 
speed or an actual conveyed distance, a distance 
between the conveying direction leading end portion of 

so the belt-shaped material and the pair of guide members 
and a distance between the conveying direction trailing 
end portion of the belt-shaped material and the pair of 
guide members; and smoothly displacing each of the tri- 
angular portions in the widthwise direction, by a corre- 

55 sponding one of the guide members, on the basis of the 
stored displacement amount and in consideration of the 
distance determined for the triangular portion. 

In accordance with the third aspect, first, the 
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amounts by which the leading end portion and the trail- 
ing end portion are respectively displaced in advance 
are stored. 

Subsequently, the distance between the leading 
end portion of the belt-shaped material and the pair of s 
guide portions and the distance between the trailing end 
portion of the belt-shaped material and the pair of guide 
portions are determined on the basis of the predeter- 
mined conveying speed or the actual conveyed dis- 
tance. Each of the triangular portions is then displaced 10 
smoothly in the widthwise direction, by the correspond- 
ing guide member, on the basis of the stored displace- 
ment amount and in consideration of the distance 
determined for the triangular portion. Through this oper- 
ation, the triangular portions are smoothly bent in the is 
widthwise direction. 

According to a fourth aspect of the present inven- 
tion, there is provided an apparatus for centering a belt- 
shaped material, the apparatus comprising: first con- 
veying means for conveying a belt-shaped material fed 20 
out of a belt feed section; a cutter for cutting the belt- 
shaped material at a predetermined angle with respect 
to a longitudinal direction of the belt-shaped material; 
second conveying means, disposed at a belt-shaped 
material conveying direction downstream side of said 25 
first conveying means, for conveying the belt-shaped 
material fed from said first conveying means toward a 
forming drum; detection means, disposed at a belt- 
shaped material conveying direction downstream side 
of said cutter for detecting positions of widthwise direc- so 
tion end portions of the belt-shaped material; and guide 
means including a pair of guide members which are dis- 
posed to face the widthwise direction end portions of 
the belt-shaped material conveyed by said second con- 
veying means, and moving means for moving said pair 35 
of guide members such that the guide members 
approach each other or move apart from each other 
said guide means centering the belt-shaped material by 
causing the guide members to displace in advance a 
conveying direction leading end portion and a convey- 40 
ing direction trailing end portion of triangular portions 
provided at longitudinal direction ends of the belt- 
shaped material, in directions opposite directions in 
which the conveying direction leading end portion and 
the conveying direction trailing end portion of the belt- 45 
shaped material are displaced when applied onto the 
forming drum, and by calculating a width of said belt- 
shaped material on the basis of positions of the width- 
wise direction end portions of the belt-shaped material 
detected by said detection means, and by adjusting a so 
distance between the guide members in accordance 
with the calculated width, and by causing the belt- 
shaped material to pass through a space between the 
adjusted guide portions. 

According to the fourth aspect of the present inven- ss 
tion, the belt-shaped material fed out of the belt feed 
section is first conveyed by the first conveying means. 

The belt-shaped material on the first conveying 



means is cut by the cutter. Thus, there is obtained a 
piece of the belt-shaped material which has a predeter- 
mined length and whose conveying direction leading 
end portion and conveying direction trailing end portion 
have been cut obliquely at a predetermined angle with 
respect to the longitudinal direction. 

The belt-shaped material cut to the predetermined 
length is then conveyed to the second conveying means 
by the first conveying means. 

The widthwise direction position of the belt-shaped 
material having the predetermined length and conveyed 
by the second conveying means is detected by the 
detection means. 

The guide means causes the guide members to 
displace the leading end portion of the leading-end-side 
triangular portion of the belt-shaped material in advance 
in a direction opposite the direction in which the leading 
end portion is displaced when applied onto the forming 
drum. 

Subsequently, the guide means calculates the 
width of the belt-shaped material from the positions of 
the widthwise direction end portions of the belt-shaped 
material detected by the detection means, adjusts the 
distance between the guide portions in accordance with 
the calculated width, and causes the belt-shaped mate- 
rial to pass through the space between the adjusted 
guide members, so as to center the constant-width por- 
tion of the belt-shaped material. 

Next, the guide means causes the guide members 
to displace the trailing end portion of the trailing-end- 
side triangular portion (i.e., the conveying direction 
upstream side triangular portion) of the belt-shaped 
material in advance in a direction opposite the direction 
in which the trailing end portion is displaced when 
applied onto the forming drum. 

In this way, when the leading end of the belt-shaped 
material, whose leading and trailing end portions have 
been displaced in advanced and whose constant-width 
portion has been centered, is applied onto the forming 
drum, first, the leading end portion shifts in a direction 
opposite the direction in which the leading end portion 
was displaced in advance. Therefore, the leading end 
portion of the belt-shaped material can be applied onto 
the forming drum in a proper shape. 

Since the constant-width portion of the belt-shaped 
material has been centered, the constant-width portion 
can be wound around the forming drum such that the 
centerline of the constant-width portion is parallel to the 
circumferential direction of the forming drum. 

Further, when the trailing end portion which has 
been displaced in advance is applied onto the forming 
drum, the trailing end portion is displaced in a direction 
opposite the direction in which the trailing end portion 
was displaced in advance. Therefore, the trailing end 
portion of the belt-shaped material can be applied onto 
the forming drum in a proper shape. Thus, the leading 
end portion and the trailing end portion of the belt- 
shaped material can be joined together with no devia- 
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tion in the widthwise derection. 

Since the distance between the guide members 
can be adjusted while the overall width of the belt- 
shaped material (the distance calculated from the posi- 
tions of the right and left widthwise direction ends) is s 
continuously measured, centering of the belt-shaped 
member is possible even when the width of the belt- 
shaped material varies. 

Further, since centering of the belt-shaped member 
and other operations are performed by only moving the 
guide portions, there is no need for a large amount of 
energy as there is in a case in which an entire conveyer 
is moved. 

Moreover, since the belt-shaped material on the 
second conveying means is centered due to movement 
of the guide members, the belt-shaped material is not 
skewed when conveyed from the belt feed section to the 
first conveying means. 

Therefore, the apparatus according to the forth 
aspect of the present invention enables the belt-shaped 
material to be reliably centered with a minimum amount 
of energy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side view of a centering apparatus 
according to an embodiment of the present inven- 
tion; 

Fig. 2 is a perspective view of a main portion of the 
centering apparatus; 

Fig. 3 is a plan view of the centering apparatus, 
showing a state before the leading end of a belt 
material has been cut; 

Fig. 4 is a plan view of the centering apparatus, 
showing a state in which the belt material has been 
conveyed after its leading end has been cut; 
Fig. 5 is a plan view of a triangular portion of the 
belt material; 

Fig. 6 is a plan view of the centering apparatus, 
showing a state in which the leading end of the belt 
material has entered into a space between guides; 
Fig. 7 is a plan view of the centering apparatus, 
showing a state in which the leading end of the belt 
material has been attracted by a magnet of a guide; 
Fig. 8 is a plan view of the centering apparatus, 
showing a state in which outward bending of the 
leading-end-side triangular portion of the belt mate- 
rial is completed; 

Fig. 9 is a plan view of the centering apparatus, 
showing a state in which the constant-width portion 
of the belt material is subjected to centering; 
Fig. 10 is a plan view of the centering apparatus, 
showing a state in which outward bending of the 
trailing-end-side triangular portion of the belt mate- 
rial is started; 

Fig. 1 1 is a plan view of the centering apparatus, 
showing a state immediately before the outward 
bending of the trailing-end-side triangular portion of 



the belt material is completed; 
Fig. 12A is a side view of a forming drum and the 
vicinity thereof, showing a state in which the leading 
end of the belt material has abutted the outer cir- 
cumferential surface of the forming drum; 
Fig. 12B is a development showing the outer cir- 
cumferential surface of the forming drum of Fig. 

12 A; 

Fig. 13A is a side view of the forming drum and the 
vicinity thereof, showing a state in which the lead- 
ing-end-side triangular portion of the belt material 
has been applied onto the outer circumferential sur- 
face of the forming drum; and 
Fig. 13B is a development showing the outer cir- 
cumferential surface of the forming drum of Fig. 

13 A. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

A centering apparatus according to an embodiment 
of the present invention will now be described with refer- 
ence to Figs. 1 to 13 B. 

As shown in FIG. 1, a centering apparatus 10 
according to the present embodiment is equipped with a 
first conveyer 16 and a second conveyer 18, which pull 
out and convey a belt material (belt-shaped material) 14 
which is wound around a supply reel 12 serving as a 
belt feed section. 

The first conveyer 16 is driven by a motor 16A, 
while the second conveyer 18 is driven by a motor 18A. 

A rotary encoder 16B is connected to the motor 
16A or to one of unillustrated belt material drive rollers 
of the first conveyer 16, and a rotary encoder 18B is 
connected to the motor 18A or to one of unillustrated 
belt material drive rollers of the second conveyer 18. 
Therefore, the conveying speed can be controlled, and 
the amount of conveying of the belt material 14 can be 
judged from the rotational amounts. 

Unillustrated steel cords are embedded in the belt 
material 1 4 such that the steel cords are inclined with 
respect to the longitudinal direction of the belt material 
14. 

As shown in Figs. 1 and 2, a cutter 20 is disposed 
above the first conveyer 1 6 in order to cut the belt mate- 
rial 14 on the first conveyer 16 at a predetermined angle 
6 with respect to the longitudinal direction of the belt 
material 14. 

A sensing unit 22 serving as a detection means is 
disposed between the first conveyer 16 and the second 
conveyer 18. 

The sensing unit 22 includes a light emitting source 
24 disposed under the conveying path of the belt mate- 
rial 14 and a camera 26 disposed above the conveying 
path of the belt material 14. The light emitting source 24 
is, for example, a fluorescent lamp that is long in the 
widthwise direction of the belt material 14. Through use 
of the camera 26, the sensing unit 22 photographs the 
belt material 14 conveyed above the light emitting 
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source 24 in order to detect the widthwise direction 
positions of the edges (i.e., outline) of the belt material 
14. 

Since only the widthwise direction positions of the 
widthwise direction edges of the belt material 14 need 
be detected, an image sensor such as a CCD may be 
used in place of the camera 26. 

A centering guide mechanism 28 is disposed above 
the second conveyer 18 at the conveying direction 
upstream side thereof. 

The centering guide mechanism 28 includes a feed 
screw 30 which is disposed perpendicularly to the con- 
veying direction. The feed screw 30 is rotated by an AC 
servomotor 34 connected to one end of the feed screw 
30. The feed screw 30 has a left-hand thread 30L 
formed from the longitudinal center portion toward the 
AC servomotor 34 and a right-hand thread 30 R formed 
from the longitudinal center portion toward the distal 
end of the feed screw 30. Unillustrated female thread 
portions of guides 32 are screw-engaged with the left- 
hand thread 30L and the right-hand thread 30R. 
Accordingly, by rotating the feed screw 30, the distance 
T between the guides 32 can be changed. The pitch of 
the left-hand thread 30L and the pitch of the right-hand 
thread 30 R are identical to each other. 

Therefore, when the center point between the 
guides 32 is regarded as the center of centering, the 
distance between the center and one guide 32 and the 
distance between the center and the other guide 32 are 
always the same regardless of the distance between the 
guides 32. 

The distance between the guides 32 corresponds 
to the rotational amount of the feed screw 30 (the rota- 
tional amount (rotational angle) of the rotary shaft of the 
AC servomotor 34). A rotary encoder 34A is connected 
to the AC servomotor 34. Therefore, the distance 
between the guides 32 can be set to a desired dimen- 
sion through control of the rotational angle of the rotary 
shaft of the AC servomotor 34. 

Each of the guides 32 has a fiat guide portion 32A 
that extends in the conveying direction and a slanted 
guide portion 32 B provided at the conveying direction 
upstream side of the flat guide portion 32A. 

A magnet 36 is mounted to the back surface of the 
flat guide portion 32A in order to exert a magnetic force 
on the steel cords of the belt material 14, thereby 
attracting the corresponding widthwise direction end 
portion of the belt material 14. As shown in Fig. 2, a plu- 
rality of small-diameter rollers 38 are rotatably mounted 
to the flat guide portion 32A such that the small-diame- 
ter rollers 38 are perpendicular to the conveying surface 
of the second conveyer 18. Due to the small-diameter 
rollers 38 rotating while contacting the widthwise direc- 
tion end portions of the belt material 14 which is being 
conveyed, the small-diameter rollers 38 can guide the 
belt material 14 smoothly while the magnets 36 attract 
the belt material 14. 

Further, a magnet 40 is disposed in the vicinity of 



the reverse surface of the straight portion (i.e., flat por- 
tion) of the conveyer belt 19 of the second conveyer 18, 
at the conveying direction downstream side of the 
centering guide mechanism 28. Since the steel cords of 

5 the belt material 14 are attracted by the magnetic force 
of this magnet 40, the belt material 14 is attracted to and 
fixed to the conveyer belt 1 9 so that the shape of the belt 
material 14 is maintained. 

A forming drum 42 which is rotated by a motor 44 is 

w disposed at the conveying direction downstream side of 
the second conveyer 18. The belt material 14 is wound 
around the outer circumferential surface of the forming 
drum 42. 

The above-described motors 16A and 18A, rotary 
is encoders 16B and 18B, cutter 20, sensing unit 22, AC 
servomotor 34, rotary encoder 34A, and motor 44 are 
connected to a controller 45. The controller 45 includes 
a CPU, a storage unit (ROM, RAM), and the like. A set- 
ting/operation panel 46 is connected to the controller 45 
20 in order to carry out various types of setting. 

Control programs and the like for the centering 
apparatus are stored in the storage unit. 

Next, the operation of the centering apparatus 
according to the present embodiment will be described. 

25 

(1) First, as shown in Fig. 3. the guides 32 are set to 
their respective origin positions. (In Figs. 3 to 1 1 , 
the smaller-diameter rollers 38 are omitted.) 

At this time, the distance T between the guides 
30 32 is set to be larger than the width W of the belt 
material 14 to be conveyed. The belt material 14 of 
the supply reel 12 is conveyed by the first conveyer 
16 and is then temporarily stopped. In this state, the 
leading end of the belt material 14, which leading 
35 end is at the conveying direction downstream side, 
is cut by the cutter 20 at a predetermined angle 6 so 
that a triangular portion is formed. The unneces- 
sary portion cut from the leading end of the belt 
material 14 is discarded. After the above-described 
40 cutting operation, the triangular portion of the belt 
material 14 whose leading end has been cut is 
applied to the forming drum 42, as a preceding belt 
material 14. 

(2) The first conveyer 16 and the second conveyer 
45 18 are operated, so that, as shown in Fig. 4, the belt 

material 14 is conveyed to the second conveyer 18 
at a low speed. When the belt material 14 has been 
conveyed from the first conveyer 1 6, the positions of 
the edges of the belt material 14 are continuously 

50 sensed by the sensing unit 22 at a position of a 
sensing line S. 

Based on edge detection information from the 
sensing unit 22, the controller 45 calculates the 
conveying speed of the belt material 14 and the 

55 point in time when the leading end of the belt mate- 
rial 14 will reach the guides 32. 

Since the cut angle e of the belt material 14 at 
the leading end thereof is known in advance (is 
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stored in the storage unit of the controller 45), if the 
width W of the belt material 14 is measured by the 
sensing unit 22 at the measurement line S, as 
shown in Fig. 5, the distance X between the meas- 
urement line S and the leading end of the belt mate- 5 
rial 14 can be calculated, and the present position 
of the leading end of the belt material 14 can be 
determined thereby. 

The present position or actual conveyed dis- 
tance of the belt material 14 may be determined on 10 
the basis of the output signals (e.g., numbers of 
pulses) from the encoders 16B and 18B. Alterna- 
tively, the present position of the belt material 14 
may be determined on the basis of the moving 
speeds of the first conveyor 1 4 and the second con- is 
veyer 18. Accordingly, the conveying distance until 
the leading end of the belt material 14 reaches the 
guides 32 is determined on the basis of the convey- 
ing speed of the belt material 1 4 and the time when 
the leading end of the belt material 14 reaches the 20 
guides 32, or on the basis of the present position of 
the belt material 14 and the moving speeds of the 
first conveyer 16 and the second conveyer 18. 

(3) Before the leading end of the belt material 14 
reaches the guides 32, the guides 32 are controlled 25 
by the controller 45. The flat guide portions 32A of 
the guides 32 are moved such that each flat guide 
portion 32A is slightly closer to the center of the belt 
material 14 than is the widthwise direction end por- 
tion 14L which forms the leading-end-side triangu- 30 
lar portion of the belt material 14. 

(4) When the leading end of the belt material 14 
enters the space between the guides 32, the lead- 
ing end first passes by the slanted guide portion 

32 B, and then the widthwise direction end portion 35 
14L is guided by the flat guide portion 32A as illus- 
trated in Fig. 6. Further when the widthwise direc- 
tion end portion 14L reaches the position at which 
the magnet 36 is mounted, the leading end of the 
widthwise direction end portion 14L is attracted by 40 
the magnet 36. 

(5) The controller 45 calculates a value of a target 
position by adding a previously stored correction 
amount to the value of the position of the leading 
end of the widthwise direction end portion 14L of as 
the belt material 1 4, which position has been meas- 
ured by the sensing unit 22 at the measurement line 

S. Subsequently, the controller 45 increases the 
distance between the guides 32 such that, as 
shown in Fig. 7, the leading end reaches the target so 
position whose value was calculated. It is to be 
noted that the movement of the guides 32 is com- 
pleted before the leading end has passed through 
the guides 32. 

(6) Next, while the distance between the guides 32 ss 
is being decreased gradually, the operation for 
bending the leading-end-side triangular portion of 

the belt material 14 outwardly in the widthwise 



direction is carried out until the triangular portion is, 
at the end portion thereof which is positioned down- 
stream of the guides 32, bent up to an intermediate 
point of the triangular portion (i.e., up to the position 
indicated by the two-dot chain line in Fig. 8). Subse- 
quently, the leading end of the belt material 14 that 
has passed through the space between the guides 
32 is attracted to the conveyer belt 19 by the mag- 
netic force of the magnet 40 so that the outwardly 
bent shape is maintained. 

In consideration of the relationship between the 
conveying speed and the correction amount, in the 
present embodiment, the guides 32 are controlled 
to move at intervals of 1 to 5 milliseconds. However, 
the guides 32 may be moved continuously. 

Subsequently, the longitudinally intermediate 
portion (constant-width portion) of the belt material 
14 is centered. In the centering of the constant- 
width portion of the belt material 14, the distance 
between the guides 32 is adjusted in accordance 
with the width of the belt material 14 measured by 
the sensing unit 22, and both widthwise direction 
ends of the belt material 14 are guided by the 
guides 32. Namely, the belt material 14 is cen- 
teredly passing through the space between the 
guides 32. The centered belt material 14 is 
attracted and held to the conveyer belt 19 by the 
magnetic force of the magnet 40. 

(7) When the belt material 14 has been conveyed a 
predetermined distance, the first conveyer 16, the 
second conveyer 18, and the guides 32 are 
stopped, and the cutter 20 is operated to cut the 
belt material 14. As a result, a piece of the belt 
material 14 having a predetermined length is 
obtained. 

(8) After the cutting operation, the first conveyer 16 
and the guides 32 are operated, so that, as shown 
in Fig. 9, the belt material 14 cut to the desired 
length is further conveyed while being centered by 
the guides 32. 

(9) When the belt material 14 is further conveyed 
and the positions of the edges of the trailing-end- 
side triangular portion are sensed by the sensing 
unit 22, the controller 45 calculates the value of a 
target position by adding a previously stored correc- 
tion amount to the actual value of the widthwise 
position (averaged position) of the widthwise direc- 
tion end portion 14R of the belt material 14 which 
has already passed through the measurement line 
S. When a front side (the portion indicated by the 
two-dot chain line in Fig. 10) of the trailing-end-side 
triangular portion reaches the belt material 14 con- 
veying direction downstream end portion of the 
guide 32 as illustrated in Fig. 10, the operation for 
increasing the distance between the guides 32 is 
started, and, as shown in Fig. 11, the distance 
between the guides 32 is gradually increased such 
that the conveying direction upstream side end 
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reaches the target position. 

Since the widthwise direction end portion 14R 
is attracted by the guide 32, the trailing-end-side tri- 
angular portion is bent outward in the widthwise 
direction due to the gradual increase in the distance 
between the guides 32. The portion of the belt 
material 14 that has passed through the space 
between the guides 32 is attracted to the conveyer 
belt 19 by the magnetic force of the magnet 40, so 
that the outwardly bent shape is maintained. 
(10) Subsequently, the leading end of the belt mate- 
rial 1 4 abuts the outer circumferential surface of the 
forming drum 42 which is rotated at a speed corre- 
sponding to the conveying speed of the belt mate- 
rial 14 (see Figs. 12A and 12B). When the leading- 
end-side triangular portion of the belt material 14 
starts to be wound around the outer circumferential 
surface of the forming drum 42, due to the action of 
the inclined steel cords, the triangular portion, 
whose rigidity is lower than that of the constant- 
width portion, starts to bend inward. At the point in 
time when the triangular portion is completely 
wound, the widthwise direction edge portion 14L of 
the triangular portion becomes parallel to the cir- 
cumferential direction of the forming drum 42 (see 
Figs. 13A and 13B; the circumferential direction is 
indicated by arrow A). 

Subsequently, the constant-width portion of the belt 
material 14 is wound around the outer circumferential 
surface of the forming drum 42. 

When the trailing-end-side triangular portion of the 
belt material 14 starts to be wound around the outer cir- 
cumferential surface of the forming drum 42, the trailing- 
end-side triangular portion starts to bend inward. At the 
point in time when the triangular portion is completely 
wound, the widthwise direction edge portion 14L of the 
trailing-end-side triangular portion becomes parallel to 
the circumferential direction of the forming drum 42. As 
a result, the widthwise direction edge portion 14L of the 
trailing-end-side triangular portion coincides with the 
widthwise direction edge portion 14L of the leading- 
end-side triangular portion which has been wound. The 
oblique side of the leading-end-side triangular portion 
and the oblique side of the trailing-end-side triangular 
portion are made to overlap each other over a predeter- 
mined distance and are joined together. 

As described above, in the present embodiment, by 
bending the end portions of the belt material 14 such 
that the end portions tend to bend in directions opposite 
directions in which the end portions shift while the belt 
material 14 being applied to the forming drum 42, no 
stepped portion is formed on the outer circumference of 
the forming drum. Accordingly, opposite ends of the belt 
material 14 can be joined together on the outer circum- 
ferential surface of the forming drum 42 without a 
stepped portion being formed. The constant-width por- 
tion of the belt material 14 becomes parallel to the cir- 



cumferential direction of the forming drum 42 (the 
widthwise direction center line does not meander). 

Use of the centering apparatus 10 of the present 
embodiment obviates the need for manual correction 
5 performed by an operator after the belt material 14 is 
applied onto the forming drum 42. Accordingly, the 
present invention provides excellent effects for automa- 
tion. 

The correction amount of the conveying direction 

10 leading end and the correction amount of the conveying 
direction trailing end may be previously stored sepa- 
rately. Further, an operator may cause a sample belt 
material for adjustment to be conveyed, make correc- 
tions while observing the stepped portion at the joint 

is portion, and stores the proper correction amounts into 
the storage unit from the setting/operation panel 46. 

Since centering of the belt material 14 is performed 
through movement of the guides 32 which are very light 
as compared to the first conveyer 16 and the second 

20 conveyers 18, a minimal amount of energy is needed. 

A belt material for radial tires was actually conveyed 
by the centering apparatus having the above-described 
structure. The test results show that the deviation from 
the center was not greater than 1 .0 mm, the amount of 

25 meandering of the belt material was not greater than 2.0 
mm, and the stepped portion was not greater that 2.0 
mm. In the centering apparatus used in the test, the 
centering range was ± 25 mm (widthwise direction), the 
maximum centering speed was 12 mm/sec, the con- 

30 veyer speed was 20 to 200 mm/sec, and the bending 
range for the leading and trailing ends of the belt mate- 
rial was ± 20 mm. 

In the above-described embodiment, when the 
leading-end-side triangular portion is bent outward in 

35 the widthwise direction, a target position is obtained by 
adding a previously stored correction amount to the 
widthwise direction position of the leading end of the 
belt material 14 measured by the sensing unit 22 at the 
measurement line S. However, instead of the widthwise 

40 direction position of the leading end of the belt material 
14 measured at the measurement line S, a process ref- 
erence value (reference position) previously determined 
for the apparatus may be used. Alternatively, the actual 
position (average value) of the leading end of a previ- 

45 ously conveyed belt material 14 may be used. 

Further, in the case in which the constant-width por- 
tion of the belt material 14 that will enter the space 
between the guides 32 greatly deviates in the widthwise 
direction, a part of the constant-width portion close to 

so the leading end is preferably moved substantially toward 
the center by causing the leading-end -side widthwise 
direction side surface to be attracted by the correspond- 
ing guide 32, and then moving the guides 32 in a direc- 
tion opposite to the direction of the deviation. 

55 The above-described embodiment shows an exam- 
ple in which the leading and trailing ends of the belt 
material 14 bend inward due to their inherent tenden- 
cies when the leading and trailing ends are applied onto 
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the forming drum 42. However, in a case in which the 
leading and trailing ends of the belt material 14 bend 
outward due to their inherent tendencies, the leading 
and trailing ends of the belt material 14 may be bent 
inward in advance through use of the guides 32. s 

The present application can be applied to centering 
of materials other than the above-described belt mate- 
rial insofar as the materials have a belt-like shape. 

Claims 10 

1. A method of centering a belt-shaped material in 
which a belt-shaped material, whose longitudinal 
ends are formed into triangular portions and which 
has a parallelogram shape as a whole, is conveyed is 
in a longitudinal direction toward a forming drum 
while being centered, said method comprising the 
steps of: 



2. A method of centering a belt-shaped material 
according to Claim 1, wherein said step of displac- 
ing the conveying direction leading end portion and 
the conveying direction trailing end portion of the 45 
belt-shaped material comprises the steps of: 



angular portion at different positions along the 
conveying direction; 

determining, on the basis of the measured 
widths and the stored angles, a distance 
between the conveying direction leading end 
portion of the belt-shaped material and the pair 
of guide members and a distance between the 
conveying direction trailing end portion of said 
belt-shaped material and the pair of guide 
members; and 

smoothly displacing each triangular portion in 
the widthwise direction, by a corresponding 
one of the guide members, on the basis of the 
stored displacement amount and in considera- 
tion of the distance determined for the triangu- 
lar portion. 

3. A method of centering a belt-shaped material 
according to Claim 2, wherein said step of displace- 
ment of each of the conveying direction leading end 
portion and the conveying direction trailing end por- 
tion of the belt material is caused by a magnetic 
attraction force of the corresponding one of the 
guide members. 

4. A method of centering a belt-shaped material 
according to Claim 3, wherein said step of displace- 
ment of each of the conveying direction leading end 
portion and the conveying direction trailing end por- 
tion of the belt material is caused by attraction of a 
widthwise direction end portion of each of the con- 
veying direction leading end portion and the con- 
veying direction trailing end portion to the 
corresponding one of the guide members and sub- 
sequent movement of the corresponding one of the 
guide members over a predetermined distance. 

5. A method of centering a belt-shaped material 
according to Claim 2, wherein said step of meas- 
urement of the width is performed by detection of 
the positions of widthwise direction end portions of 
the belt-shaped material by a detection means. 

6. A method of centering a belt-shaped material 
according to Claim 1 , wherein said step of displac- 
ing the conveying direction leading end portion and 
the conveying direction trailing end portion of the 
belt-shaped material comprises the steps of: 

storing displacement amounts by which the 
conveying direction leading end portion and the 
conveying direction trailing end portion are 
respectively displaced in advance; 
determining, on the basis of a predetermined 
conveying speed or an actual conveyed dis- 
tance, a distance between the conveying direc- 
tion leading end portion of the belt-shaped 
material and the pair of guide members and a 



storing an angle of the conveying direction 
leading end portion of the belt-shaped material 
with respect to a conveying direction of the belt- so 
shaped material, and an angle of the conveying 
direction trailing end portion of the belt-shaped 
material with respect to the conveying direction 
of said belt-shaped material, and amounts by 
which the conveying direction leading end por- 55 
tion and the conveying direction trailing end 
portion are respectively displaced in advance; 
successively measuring the widths of each tri- 
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displacing a conveying direction leading end 20 
portion and a conveying direction trailing end 
portion of the triangular portions of the belt- 
shaped material in advance in directions oppo- 
site directions in which the conveying direction 
leading end portion and the conveying direction 25 
trailing end portion of the belt-shaped material 
are displaced when applied onto the forming 
drum; 

measuring a width of a constant-width portion 
of the belt-shaped material while the belt- 30 
shaped material is conveyed; 
adjusting, in accordance with the measured 
width, a distance between a pair of guide mem- 
bers which are disposed to be movable in a 
widthwise direction of the belt-shaped material ; 35 
and 

centering the constant-width portion of the belt- 
shaped material by causing the belt-shaped 
material to pass through a space between the 
adjusted guide members. 40 
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distance between the conveying direction trail- 
ing end portion of the belt-shaped material and 
the pair of guide members; and 
smoothly displacing each of the triangular por- 
tions in the widthwise direction, by a corre- 
sponding one of the guide members, on the 
basis of the stored displacement amount and in 
consideration of the distance determined for 
the triangular portion. 

7. A method of centering a belt-shaped material 
according to Claim 6, wherein said step of displace- 
ment of each of the conveying direction leading end 
portion and the conveying direction trailing end por- 
tion of the belt material is caused by a magnetic 
attraction force of the corresponding one of the 
guide members. 

8. A method of centering a belt-shaped material 
according to Claim 7, wherein said step of displace- 
ment of each of the conveying direction leading end 
portion and the conveying direction trailing end por- 
tion of the belt material is caused by attraction of a 
widthwise direction end portion of each of the con- 
veying direction leading end portion and the con- 
veying direction trailing end portion by the 
corresponding one of the guide members and sub- 
sequent movement of the corresponding one of the 
guide members over a predetermined distance. 

9. An apparatus for centering a belt-shaped material, 
comprising: 

first conveying means for conveying a belt- 
shaped material fed out of a belt feed section; 
a cutter for cutting the belt-shaped material at a 
predetermined angle with respect to a longitu- 
dinal direction of the belt-shaped material; 
second conveying means, disposed at a belt- 
shaped material conveying direction down- 
stream side of said first conveying means, for 
conveying the belt-shaped material fed from 
said first conveying means toward a forming 
drum; 

detection means, disposed at a belt-shaped 
material conveying direction downstream side 
of said cutter for detecting positions of width- 
wise direction end portions of the belt-shaped 
material; and 

guide means including a pair of guide members 
which are disposed to face the widthwise direc- 
tion end portions of the belt-shaped material 
conveyed by said second conveying means, 
and moving means for moving said pair of 
guide members such that the guide members 
approach each other or move apart from each 
other, said guide means centering the belt- 
shaped material by causing the guide mem- 



bers to displace in advance a conveying direc- 
tion leading end portion and a conveying 
direction trailing end portion of triangular por- 
tions provided at longitudinal direction ends of 

5 the belt-shaped material, in directions opposite 

directions in which the conveying direction 
leading end portion and the conveying direction 
trailing end portion of the belt-shaped material 
are displaced when applied onto the forming 

70 drum, and by calculating a width of said belt- 

shaped material on the basis of positions of the 
widthwise direction end portions of the belt- 
shaped material detected by said detection 
means, and by adjusting a distance between 

7 5 the guide members in accordance with the cal- 

culated width, and by causing the belt-shaped 
material to pass through a space between the 
adjusted guide portions. 

20 10. An apparatus for centering a belt-shaped material 
according to Claim 9, wherein each of said pair of 
guide members has a slanted guide portion formed 
at a belt-shaped material conveying direction 
upstream side thereof and a flat guide portion 

25 formed at a belt-shaped material conveying direc- 
tion downstream side thereof, and a distance 
between the slanted guide portions at the belt- 
shaped material conveying direction upstream side 
end portions of said slanted guide portions is larger 

30 than a distance between said slanted guide por- 
tions at the belt-shaped material conveying direc- 
tion downstream side end portions of said slanted 
guide portions. 

35 11. An apparatus for centering a belt-shaped material 
according to Claim 10, wherein said flat guide por- 
tions are provided with first magnet members on 
surfaces opposite the surfaces of said flat guide 
portions which face one another, said first magnet 

40 members attracting the widthwise direction end 
portions of the belt-shaped material to said flat 
guide portions. 

12. An apparatus for centering a belt-shaped material 
45 according to Claim 10, wherein said flat guide por- 
tions have rotary members on the surfaces of said 
flat guide portions which face one another for 
smoothly guiding the belt-shaped material. 

so 13. An apparatus for centering a belt-shaped material 
according to Claim 9, wherein said moving means 
includes a screw-engagement member which 
screw-engages with said pair of guide portions, a 
drive member for rotatingly driving said screw- 

55 engagement member, and a control member for 
controlling the rotation of said drive member. 

14. An apparatus for centering a belt-shaped material 
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according to Claim 13. wherein said screw-engage- 
ment member is disposed such that a longitudinal 
direction thereof is perpendicular to a conveying 
direction of the belt-shaped material, and a right- 
hand thread is formed on said screw-engagement s 
member from a longitudinal direction central portion 
toward one end and a left-hand thread is formed on 
said screw-engagement member from the longitu- 
dinal direction central portion toward the other end, 
and when rotated, said screw-engagement mem- w 
ber moves said pair of guide portions such that said 
guide portions approach each other or move apart 
from each other. 

15. An apparatus for centering a belt-shaped material 75 
according to Claim 9, wherein each of said first and 
second conveying means has an endless belt, and 

the belt-shaped material is conveyed by said end- 
less belts. 

20 

16. An apparatus for centering a belt-shaped material 
according to Claim 15, wherein said first conveying 
means is provided with a second magnet member 
disposed in a vicinity of a reverse surface of a flat 
portion of the endless belt, said second magnet 25 
member attracting the belt-shaped material in order 

to fix the belt-shaped material to said endless belt. 
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